Selected Hydrologic Data for the Central Virgin River Basin Area, Washington and Iron Counties, Utah 1915-97 by United States Geological Survey
Utah State University 
DigitalCommons@USU 
All U.S. Government Documents (Utah Regional 
Depository) 
U.S. Government Documents (Utah Regional 
Depository) 
1998 
Selected Hydrologic Data for the Central Virgin River Basin Area, 
Washington and Iron Counties, Utah 1915-97 
United States Geological Survey 
Follow this and additional works at: https://digitalcommons.usu.edu/govdocs 
 Part of the Geology Commons 
Recommended Citation 
United States Geological Survey, "Selected Hydrologic Data for the Central Virgin River Basin Area, 
Washington and Iron Counties, Utah 1915-97" (1998). All U.S. Government Documents (Utah Regional 
Depository). Paper 39. 
https://digitalcommons.usu.edu/govdocs/39 
This Report is brought to you for free and open access by 
the U.S. Government Documents (Utah Regional 
Depository) at DigitalCommons@USU. It has been 
accepted for inclusion in All U.S. Government Documents 
(Utah Regional Depository) by an authorized 
administrator of DigitalCommons@USU. For more 
information, please contact digitalcommons@usu.edu. 
SELECTED HYDROLOGIC DATA FOR THE CENTRAL 
VIRGIN RIVER BASIN AREA, WASHINGTON AND 
IRON COUNTIES, UTAH, 1915-97 
By Chris D. Wilkowske, Victor M. Heilweil, and Dale E. Wilberg 
U.S. GEOLOGICAL SURVEY 
Open-File Report 98-389 
Prepared in cooperation with the 
UTAH DEPARTMENT OF NATURAL RESOURCES, 
DIVISION OF WATER RIGHTS; and the 
WASHINGTON COUNTY WATER CONSERVANCY DISTRICT 
Salt Lake City. Utah 
1998 
EUSGS scI._ for. wtllJltIIJ world 
U.S. DEPARTMENT OF THE INTERIOR 
BRUCE BABBITT, Secretary 
U.S. GEOLOGICAL SURVEY 
Thoma.s J . Casadevall. Acting D,reclor 
The use 01 trade. prodUC1. Industry. or firm names IS lor doscnplNO purposes onty and does nOllmpty endorsement 
ty tho U.S Govomment 
For additional informalton write to: 
District ChIef 
U.S. Geological Survey 
Room t016 Administration Building 
1745 West 1700 South 
Sail Lake City. Utah 84104 
Copies of this report can be purchased from: 
U.S. Geotogical Survey 
Branch of Information Services 
Box 25286 
Denver Federal Center 
Denver. Colorado 80225 
CONTENTS 
Abslrxl 
Introduction . 
Rercrcrl('~ Cllro 
PLATE 
Map >hQ14InC K!lcclcd h)dtnJoste.-d4la )II~ In lhe ('cnu~ 1 Vugm RI\Cf b;aSIn :U(3. W~U,.nglon and Iron Coonllo. U,"" 
FIGURES 
TABLES 
RttOfd.) of ~I«ted ..,.ells In Wutllnglon :lnd Iron CouniICoS. tah 
Wain I(\c" In ~Ircled ,",cll" In W~hlnlton.llnd lrun Counll~. ' I.;ah 
Record) of ~1«led )pnng.\. Including dl~tu,&c mc~urcmcnlS lind ph)~I~1 ptopc:rllo. In W.uhlnglOn 
County. UtAh 
Ph) 1C .. 1 proptttu!\.;and rC",ul~ of chemicoll ZlNI)~ of "IIICf (rom ~I«·trd ",dl~. )PflnS). :md )ur(:k"C -
'" ;llet )110 In W.»hlnllnn CoonEY. UI~h 
Rouh~ of chtmlC.11 atl)I)~ rot' I ~npcs. chl'lfoftUOfOCMbOfU. :and dlSJOhed guo In \10':11(1 (rom !lClCClcd 
,,"ells. !opflngs. ;andlow bCc· ..... lrr \lIe .. In W.uhlnston County. U'I'h 
Mc»wcmcnb u( dl)Ch:Ulc.lcmpc:r:Uurc. )pc'Clfi conductance . .1nd pH of V.:UCf (rom !toClected ,,!teams 
In Wutunfloo and Iron Coo"II(,), Ul.1h 
~ 
18 
1M 
CONVERSION FACTORS. VE:RTlCAL OATUM. AND ABBREVIATED WATER·QUALITY UNITS 
Multi"" By To obLlJn 
0..0.17 h«uI. 
-,.on WflW"c meier 
xr(' · (..xJtI:KrC' ·fI) 0 I~l' ruble hfclOmc:lcf 
1 !J' ",bote" mt1Cf 
C\lt'K'ooef'C"~I(II,,) OO!S)~ cubic mdt" pc't W"Cond 
r~ C nl O\()J mncr 
,~kwl prJ nunul(' t,aVmml t.), 10 \ cub'!, meter r'C'f ,"ond 
loch lin 1 !~ " mJlhmc'lC'f 
nuktnul I <D> k..lomcltt 
~\.WC' nuk tIT"!' 2 '90 ~IUI'(, lilomctcr 
The unit cubic feel ~r second (fl \/~) IS wed in IhlS rcpon and also cJon be (,"pressed as 1 rr~/s = 1.9835 ncrc-(cci 
pcr d.y 
Waler temper.llure 1\ repone j In degrees Ccl.siu~ (oC). which can be con\ cned to degrees Fahrenheit (oF) by lhe 
follo'-' lOG cqualloo 
o~ = I 8 (0(") + 32 
fa It\fl : In thiS rc~," . "sca le\Cr' rcfcnolo lhe National GcOL!Ctlc Venical Datum 0; 1929- 3 geodetic dulum 
dcn\cd (rom;1 gcncrJI adJu.sullCnl o f the fiDI-ordcr Ic\cI nels of ,he Unlled Suites and C:m3d3. fOnTlC'rly c:llled Sea 
Lc\cl D .. tum of 1929 
Chemical conCcnlrallon and ..... ah.·r u:mpcraturc an: reported only in metric units. Chemical conccnuulion In "-:lIcr 
is reponed in milligr.uru per :ller (mg/L). "-hich (Apresses!he solulc yeighl per unil "olume (li ler) or "-ti ler. For 
concentrallons less Ihlm 7.tX)() lI .i lhgrams per Illcr. the numeric::.! value is aboul thc s;amc: 0.5 ror eoncenlralions in 
~ns per million (ppm) Specific conJuctlncc IS ~poncd 10 mlcrosielTXns per eCOIimclcr al 25 dcgrccs Celsius 
(}.IS/em). Stable-isocopc conccnlrJIIOn IS reponed::a.s pennil. which is equi\::.lenllo pans per Ihousand Trillum 
concenlrallon 10 "-:ller IS reponed tiC; plcocunes per Iller (P<:a/L) The ratio or I alom or lrilium 10 101 aloms or 
h)drogen is equ.allo J 2 plcocunes per Iller or I lrillum unil Chlorofluorocarbon concentration is reponed as 
plcomolcs per Lilogr.lm o r solution (pmole/kg) 
Ow 
Selected hydrologic data for the central Virgin River 
basin area, Washington and Iron Counties, Utah, 
1915-97 
By Chris C. Wilkowske, Vielor M. Hellweil, and Dale E. Wilberg 
ABSTRACT 
Hydrolog'c data "ere collected 10 \Va.hlOg· 
ton nnd Iron Counties, Utah , [rom 1995 to 1997 to 
betler understand the hydrologiC system. Data 
[rom earher years also are presented. Data col 
I""ted [rom wells Inelude well<ompletlon dUia. 
water· lcvel measurements. and phYSical propenles 
o[ the water. Data collected [rom springs and sur· 
[ac~·water sties IOelude d,scharge and physical 
propenlcs o[ the water. Selected water samples 
collected [rom ground· and surface·wate r s ites 
"ere analyzed [or ISotOpeS. chloroOuooocarbons 
and dlSsoh 'ed gases. 
INTRODUCTION 
Thi ~ repon conH,ins hydrologiC d31;) collccled 10 
Wa~hinglon and Iron Counlies. Ulah. from 199510 
1997.:IS \4c1l 35 dDta (rom carlier )C.1B. The sllKJ y area 
is in lhe soulhYtcslcm comcr ofUlah and includes all o f 
Washington County '4cst o(thc HUnlCiJOC Fault :tnd lhe 
southern p;an of Iron Count) The afl:a is :about 1.9<Xl 
m,: ;lOd Includes bc:Mh 1M Basin and Range: and the Col-
orado PI:UC'3U physiogr.aph ic prO'o' lOccs dcscribc.-d by 
F<nnclTUn (1931 ). 
Population in this 3rea hn incrcas.cd by more 
Ih,n 160 pel,conl [rom 1980 Ihrough 1995 (UI. h 5,.,< 
Data Center. 1991. 1997). Both (ull ' lime Dnd winter 
re5ldCnLS arc auraetcd 10 the ;uca, L.noYon as" lah 's 
Dl\le," because .he clim.ate IS Yo armtr there Ihan in the 
rc~ t o( lhe Sille, The grc:llesl challenGe to further 
c rov. lh IS the limiled v.uter resources because the cli-
nule IS so d ry. TItc large t con~tr.linl on de ... elopnlCnt 
of add ilion .. ) reSident ial are"" and commercial 3Cli ... i-
IIcS IS Yo Iller supply. Surface ""atcr In the ilrCa dr.t ins 
(rom the ~cn' I ") Virsin Rh'cr dr.tin3se basin and IS full y 
3ppropn3lcd. The need for incrcased ground-w;uer 
v.llhdr.t""all prompted (he 13h 1kp3"mcnl ofNaturJl 
Rewurccs. DI\ ISIOO of Welcr Ri Ghts_ IO Inlti:nc a .s-ycar 
study o( the ground ·v.'aler res.ources of lhe 3re3 in coop· 
crollon Wllh the S. Geological Sun,ey and lhe Wuh· 
IOglon County W:ller ConlCn, :mcy Dislrict. Data \o\crc 
collected 10 bener undefSlllnd (he hydrologic system in 
lhe are:! and 10 au eu the dfects o( IOCfC3SCd ground-
Wilier wnhdm",'als on ground -walcr Ic\cls. discharGe 
from springs. surfaC'e-W31e:r fl ows. 3nJ Yoaler qU3lily. 
This report docuITlCnu hydrologic datu collected 
3S part of 1m- ccnlr~ 1 l'lin Ri ... er bolsin 3re3 ground-
Yo31er stud). Ground-waler d313 "'ere collec ted (rom 
e\isting wells and spring~, 3I1d from ncYo Yoells com· 
pleted by priv31e owocr ... dc\·elopments. 3nd mun,cl -
p31ilies during 1995·97. For comparison. lhis repon 
:also provides d':lIa from c3rlier years. some of Yo hi h 
"ore publ ished previous ly by Cordo," ( 1972. 1978) 
.nd Budding.nd Sommc:r (1986). D" •• Iso.re .vail· 
• bl< in Horbc:n .nd other> (1997) [or 12 long·,erm sur· 
bcc-wOIler monitoring si tes in the tl re3: Lc"p CreeL. 
n<or Pinlu ... UI.h (09~()6(>:O): Wei S3ndy Crc<: l n<or 
Pinluro. I.h (09~06900): Lcods Crook nc.r Lc.:ds. 
Ut3h (09~08000); Virgin River ncar Hurricane. lah 
(09~08150): SI. George·W .. hingloo C,n.1 n<3r W3sh· 
jngloo. lah «()9.S0817S ): SIlill .. Clar.s Ri\ er nc;ar Pine 
V.lley. ,ah (09~08400): San .. Clara Ri'Or n<3r Con· 
lral . I.h (09~09loo) : S.nI. CI ... Ri\"or., Gunlock. 
UI.h (09 10')880). S3nl. Oar. Rher nc" S.nl. CI.ro. 
l.h (()9.IlO loo): S.nl. CI"", Rhor . , 51. George. l.h 
(09413(XX)): Irgin River ne'1r Bloomington. Ula.h 
(09~ 132oo): .nd Virgin Ri\"or near I. Georg<. U .. h 
(09~ 135(0). 
The numbering syslem uSC'd in Ulah (or hydro-
IOGic·datll si tc-( is illustrated in fi gure I. Records (or 
192 sc:lccled YoeUs 3re liMed in tablc 1 Water levels (or 
J06 selected Yocll s tire: lisled in table 2. DischarGe and 
physica l propcnlcs of wllter (rom .s2 srrings ate li sted 
in table), Physical properties and chcmical 311alyscs o( 
walrr from 11 8 ground- and surbcc-w3ler sitcs are 
li sted in table .s. Chcnll~ ,Illnaly.scs (or ISOlOpeS. chin-
rofluor .n bons. and dlSM ' ... cd g.ucs in water (rom.s7 
ground- 3nd surflce·waler siles are li sted In t3h1e 5. 
Discharge and phYSical propert ies of water (rom 4(' ~UI 
race·waler Slles 3rt listed in table 6, The IOC3 110n ,, (t he: 
"ells. springs. and surface-Yoller si les IS shaYo n In pl:ue 
I EAcept (or Yoater-qu3lity d313 prescnled 10 IlIblc.s Ih31 
was an31yl.cd by other agenc ies. and chlorofluor ar· 
bon d", prcscnlod in labl< 5. SI,nd:u"d U.S. Geological 
Sun,'cy field procedurc.s wen: used (0 collcci the dala 
1100 WOller s.:tmp le~ (5yl"'e ler and othcn.. 1990). 5:lIn· 
pies (or chlorofluorocarbon .:analyses were collected 
T'ht 1)~molnumbnln._('lI'~':pII""lnUul'lI\NxdOflthcud.nlnJbnd ~~ \)Wmollhc S c;,,;n('fftlTlCnI 'The-own 
toe,. 10 xldllJOCllodnilUllII lhr _til Ot 'PIn,. ,""I Ibn, IU""'lbOn In thl: .... nd net 'The- L1nd ' 'MIr't)' I)~cm dl,KIn thc'$Ult 11110 fow 
qwdr~b K'p»'anJ b) tht 5.U1 L».t Base LID(' L.d lbe- s.aJ1 L.».t Mend"", l}I('V lfW'Jnnb lift dr'\lllnlkd h) lhe: ,,~a.w:: !tun, A. B. 
C. and D. 1bJK'~ln'lhc ntwthuli. nonh"'C"\I, W)Ulh"'N. and \OUIM;a." ~~;.. rnp«md) Numt!C1\ ~'rl)Iln'lht IO"'n~'''p ~ 
DrIft". In lh3t ordn. follow. W ~~I leUt'. W Jolllhr~ Mt tnC'~ In pMtnthnn 'The- numbtt Jofl" the p.II'trMhcV-1 uWI('¥(" the' \t'C 
110ft and" foUo_n: b) tNrc- kne.,.. Ind",~,", ttlt QWI1C'1 W'Cltoa.lhC' qu.v1C'f-qwn" '1«11(10. XIIJ Ihit qllUmr qwnn-qu.M1n Iott'hon-,m 
n~h 10 Joot,.,("\ , .. I 'rt"w K\.-uon l Thr io1IoC'fUW leUC'f;'''. h. c • .antJ d u,dJCJo&C Inprtll\tl). 1ht DOI'lhcJo.\I ncwth"'N. \OUlh"'t~. uti 
'tOUtt.c-,I\Iqwr1"\ofexh \IoINI\Iuon The numton:lllft 1M ktln\'\lhc \t11~ """,ton oItht "'til 01 ,,,,In, _Ilhlntht 10 ,IO'cotl..:1 Wbta 
tht \t'Jw rll,um'C" It DOl r««dnJ..., Jo kiln. tht numlln drUlnJoIM II "'til Yt"htn lhe' W"f,JoJ numt'CT" plC'CNN "" MI '·S. the' null\tl(T ~ 
1,1UI.t1 Jo 'PI"' A nwnh:r tlJ,\ln. ;aJlltuC"t qu.¥tn ISn'IqtOn\ tou1 no \Cf'M numt'CT In.i...:-,xn;t mlKelloPlt'OU, I.I.1u tt(t otbrr Ilun,l "'ell 
CIf 'Pin,. wch Jo' <I -.al1Oft fOt .. ufxt _., mC'<l\I.Unnml \,te llw" ~C J \ I S,'!5ddoJ I dMll~n lhe fin, "'til roow",,,,,",, or \I~Ia1 
In Iht \OUthc .... " ~'n of tht \CIUW<I\I If'WIcr 01 the' \OU(ht;Jil qwfln of \t'C'hon 2S, T J \ ~ . R IS W 
T. 
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.. 
l"lthouplhc: N 'K': w..t unll IIV \C'-IKWI 1\'hn.t1IC'~J) I ~ mlk . nun) ,"11()ft\Mt Inelu"'" In \11" Md;.Jup: Suet. ,""KIn, 
.co W~I\.,Jr,J INfI 10 ,.lett U .... h . J('ncnlly t-c-I ,nnlnr <II1h(' 'oQUthn\J cflfntT . and lhc wrpI,,~w ~c "tn.,," "f'i Inlhe ttxt\.JJon, 1hC' 
north.wut "'N ,*, oIlhc: 1o("("1I(Ift 
dircclly from the "c' l. spring. Of surface·":l1er si le 
a cording 10 procedmclo described in Wilko ske 
(1998). Basic ion and Inlium anJlyj,C's wen: done by Ihc 
U.S. Geologicol u"'ey Wo'er Qu.li'y loIbonuory. 
OAygen :and hydrogen isotope dCI nninll iions were 
done by !he U.S Geologic.1 Suney lSOIopc FraClion· 
;11100 Project Stronlium isotope. delennin It ions \.\ere 
done b) ,he Mineral Resourcu .nd lSOIope Analysis 
loIbora'<>r) of ,he U.S. Geologic.1 Survey Yucca 
Mounl,ain PrOJCCI . Chloronuorocarbon analyscs \.\'ere 
done by ,he Uni,e"i ,y of U,.h Deportmen, of Geology 
:and Geophysics, Dinoh'cd galo amllyscs \.\ crc done by 
,he Geological u"c)'. EoSlcm Region Officc of 
H)drolog'c Rescorch. 
These data could nO( h3\C been collecled withou t 
the cooper-Il ion of l(Xill residenls and offichtls of WIlier 
comPJInlcs and munlclpalilics ..... OO pcnnitted access 10 
' heir " ell ,. property .• nd do'a. Speci.1 'hank, '0 \iurri · 
cane Ci'l'. S.OIa C10ra Ci' y. 51. Geo,!!e Ci' ),. W •• hing· 
Ion City. 3nd the Washington County \V3te r 
Conservancy Dislrict for thei r help" ilh dala-collcction 
dTonJi in Wll5hinglOfl Count y. 
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IC· l7. 11 ,22ddd· I 
IC · .17· 1 2 'll~· 1 
IC·.\7. l l,!):.:b- 1 
IC·17. 11.2bx· 1 
IC·]7· 12.2I«d · 1 
,C·.\7· 12))).sb-1 
(C·17· I2 ,J.l.abb-l 
IC·11· ll ,Sd.ab- ' 
IC·,lI· 12I9add· ' 
tC·lS· I U~.tdd · 2 
,C.JI · 12PbN·1 
IC·JI· 12 , , 7ddd· 1 
IC.)J· 121I kcd· 1 
(C· )J.. I2 ' 19;ub. 1 
IC·JI· 12H9:urc· 1 
160 
111 
262 
II 
100 
HO 
110 
HI 
101 
10 
12 
10 
10 
1O 
12 
12 
12 
,. 
10 
I 
10 
------------------------------
Coiling Wa_ IftM 
Allow C·) or below 
8onom FlnIth lind aut1ace 
(, ... ) (, ... ) (, ... ) 0 ... 
150 
17<1 
240 
111 
III 
100 
1)8 
100 
JSQ 
SIO 
.\SS 
.j()() 
SOO 
101 
\(). 1lO 
'I9-!)7 57 6.& IO-OJ-IC}% 
; ;, :'37 b2.19 11)·0.&-1996 
J5· t Q 
66·H 
IlO- l ll 
101 · 165 
1526 10-0.&· 1996 
96-2SO b7', L 10-11).1962 
U2·2~ 9 b1 (1).0.&. 1996 
.&2.&-1 29 
-'69-'81 
11 1·110 
Il6-Sl1 
_ IUbl 1().()I· I996 
100-138 1002 10.0.&· 1996 
J.l'" 
JI()·JSO Sl " 
1-'5· '1(' 1,&1 67 
2JS·2U 136)0 
lOl·JJS 
OJ.OJ· I991 
I()...().&.. 19% 
1().()I· I996 
1().().&· I9% 
IQ 18 10-01· 19% 
71·2Qi 56 .&9 11).()2· 1996 
G J9J-tS7 20600 01·2"-199' 
15· 11.& -' 2.11 
l\().SOO 10 OJ 
JOO. 70S 25 5 I 10-0)· 1996 
v .... 
2"1 
08·22· 1995 
w 
w 
w 
J2S L 01·22 · 1995 W 
w 
100 ()6..07· 19 7 W 
w 
1.000 M-21· ,Q197 w 
w 
.&50 L 01 · 2"-1992 w 
w 
II L 06-0'1· 1011 W 
50 L ()9.11· 19S2 
w 
Table 1. R_ 0/ MIocIod _ in Wuhinglon and Iron Coonl .... Utal>-Gonbn<Jed 
tC·_'8· ll ,Nltb- 1 
,C·1812J)lcbd· ' 
IC·)I· J))21nd· I 
IC,) · 1l)2ldu· 1 
,C·)I· J) '2J~ 1 
IC,') · 1) )2kn· 1 
,C·1I· 1) ,2'&Nb-1 
IC·)8· 1) )2~· 1 
IC·) · 1.\,26¥a· ' 
IC·!I· lh26.adc · , 
tC· )8· J)126o.Jib· , 
IC· ~I·IJ 'l_' 
,C·)8·I) I27.ax· 1 
'C· ) · 1)l:HaN· ' 
,C·)I· l)llSabO-l 
IC·)'· I),lOOJd·( 
,C·)9· !J,!W·1 
,C·.I().I )lIcc,a· , 
(C-'O-I)I2d.aa·1 
IC-IO-1312ldrcd· 1 
IC-&c)' I J)2J~· 1 
ICC-IO-lJll1Wb- 1 
IC~ I ))lJdc .. 1 
IC-'I).U.l"-"1>I 
LOS Church (Wrli 0 1 
E. I G..tr 
IIrllcn H NallC'n Fanut)' TN~ 
£bJhn InJ.lT1 
~ ... nSrtl:C'r/CI)dc HuN 
i..C' WC'r hC'nCn 
JlUTIC', Mu ... C'1I 
Owk, F l«dtr 
R.d. RI\u, 
Gr-a/rFmm 
v JJClton' John ud Kath) lind 
B 5 Ronch 
KaroItt Talboc' KC'lth Hall 
LOS Church , WC' II B) 
I..DS('huKhIWrll AI 
WSChurrh l"C'lIC, 
LOS Church IW~1I E) 
RdwdG"'\ln 
112tOk:Jh),0tI 
Pln(\ln TCNon 
N('Yo(II MJ.thC'~ 
McCuUoc\ 
Andtnon Ranch I J TC'b.roh 
WCWCO IE.:uI ()bvro. . 1OtI WC'II) 
Wewco cOn,lrW COllom We ll) 
19-11 
1961 
1991 
19-1' 
I .... 
19SO 
197<1 
19-16 
10' 
,.7<1 
IOJ 
IO. 
I99J 
I99J 
199. 
1991 
1911 
IOJI 
I .... 
I~ 
"'. of &wtd .I.W'I_, 
an." FonNUon Cf"', 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
o 
w 
w 
w 
w 
w 
W 
T 
w 
o 
o 
Tup 
Tup 
Q> 
QlaI 
Q> 
QuI 
In 
In 
1.Q8.I 
1.011 
1.2"l 
5.250 
IJ II 
1.200 
5.160 
1.160 
5. 125 
1.100 
1.110 
S.110 
1. I.ao 
1.010 
I.D.ao 
-'.U5 
S.OII 
• . 050 
-'.100 
J.110 
J.SOO 
J.&.ao 
J.l65 
1.100 
locoUon 
(C· ) . • 1,Jqxb-1 
tC·)8· 121JIWd· 1 
(C·)s· IJ )!kad· I 
(C.JI. 13,22du·I 
tC·JJ..IJ)lJbbb-l 
tC·JI·IJ)!xn I 
tC·)I· IJ ):!4Nb- 1 
tC·JI-IJt~~·1 
,C·lI· I) I:!6K~- 1 
(C·)S·ll.26adc·1 
.C·J . 'J ):6dd>. ' 
t("·lS· I) ,2txldb.J 
(c· \S · IJl!7u;· I 
jC· )S· 1 3'H~· 1 
fC·J.I-I~I:tS;abb..1 
fC· 'S · I' ,~dd· 1 
fC·3q · I"~·1 
fC· )CJ· I) I!jdccJ. 1 
IC-l().I~'lc", · 1 
,c-&(). 1) 11d»·I 
tC ...,ao..I) I21dcd- 1 
'IC..JO.1l121bdb-1 
(C-I().13 1!Ido· I 
.C-&().I) ,lIdc1>- l 
Cas,", Wa.lwcJ 
o.pttI Aboft (.) 01 bilk w 
01 .... tMerNt« Boftom FlnIIh t.IInd IUrtlCe 
('001) _) ( .... ) I'''') I'''') 0010 
261 
216 
m 
, .. 
6:1) 
10 
soo 
000 
523 
3SO 
~S 
JW 
7.315 
lOO 
.&00 
ru 
'6 
,: 
'6 
'6 
'0 
'0 
I 
, .. 
:1)0 
6:0 
)70 
3; ·3 
61). 76 
96-'~ 
X 212· 261 
~6.& 1().())· I9% 
' ~106 .S-'O '0.03· '9% 
;o.~ 
.J!6 
130-166 
!OO-&JO · 1 2J 
'6Q.:1)0 S S, 
'OS· flO SH7 
36- 122 }b66 
~!76 80 
1SG-I1S 1.422J 
05-2"-1995 
,o.OJ. ' 9% 
'0-0)· ' 996 
1().2C}· IQi96 
10-0.\.. 190', 
,o.:!9-''' ' 
11076 1().!qq9% 
;\ 0 l Q6..08· 19bS w 
JSO 
-'0 
IS 
w 
OI · I}"I99~ 
OS· IS· lqSO w 
W 
W 
w 
w 
JG..62 I! +& 1()..!9· I9% W 
101 ·199 
160-200 12332 '00)· 1996 
12290 II-OJ...tN 
160-180 46 IS II-OJ... tQ96 ~ L 12·11· 1989 N 
2'&-25-
2!().·6;!O S4)) II-OJ..t996 I.OSOL 1I-Ol-I9q)W.C. 1 
Iso.!IO 87 71 02·!(). 1997 90 L 08·12·199) W. C 
250-280 
) 10-370 
,;o.SOO IS '9 11 ·0"-1996 
32.4 11-0+19% 
X 1-'6 S23 
!SO-~ ! .4 S OS·)O.197 
X J~·~S 19S L ,o.'''''.JS 
J~l-'O 110 l 02-Ol-I99.l 
~60-JOO U S 
'61).31() l' 01 
OS·ll·19S1 
03· '''''996 
l60-llS 21 SO 01· 17· 1996 
,SO L 08·01 · 199-1 W. C 
1.000 L o ,.Of>. ,... w 
II l 0..&-15· 1992 
, 
'S L '0. , ... '.JS C 
C., 
21 L 
C 
C 
w 
W. C 
loco_ 
(C-IO-lll1Sdcc·1 
(C..o.fl)J'bcc· ' 
IC..o.' lf)lcbb-' 
IC41l1'!bbc· 1 
IC-&()"U)l24bb-' 
IC..JO.1J1)!cbb-! 
IC..o.fl')l<n , 
,C..o. flflJ",I· ' 
IC..o. '6J'hdb· ' 
.C..o. '6,llalc· ' 
tC-&()..16 ,36cbd-1 
!fC...t.O- 17 J2 'dra-1 
(C..o. "If ldbd· , 
IC-II . I),.&bbc. 1 
tC .... I· llJSa,x·! 
CC-II · IlISbbc· ' 
)CC-II · 13I~· ! 
tC-II · IlIScJbc·! 
tC ..... loI J)6&x· 1 
tC .... I· 1.l17(cb- 1 
' IC .& 1. IJ.ahu- 1 
Ie.. .... 1· 1l11!cbb-1 
tC .... I· IJII6bcd-1 
(C-lI · 1'lllxd· ' 
IC-II · I)I)lcbd· 1 
tC-II -I}I)lnJd-l 
(C-II · I.4IIbcb-1 
,C-II · ISI!7aJd· 1 
,C-I I· ISI!7ckU· 1 
IC .... I· ISIJ2Jcd· 1 
le ... &1 1S1)..&xJb.1 
eC-I I· IS,)Sab-1 
IC-I I· I S,l6ud· I 
WCWCD I Produc1KMl Wrll) 
WCWCDISouth Weill 
l..ft'fh [)omn,u •  IWcll I) 
GkM Gutun IE] Dondo Halh We'll) 
~a) M,lh 
SchmJlI Brochrn 
Kol) \1 ,II~ 
G~I Cunn (C~ de Oro Weill 
OW xhutbn I Klnn MrCai l 
Dm1cron vane), Corpontaon 
Dtamood V:alk), "ern 
OumDndV:t.lk) Ann ,Well II 
Gunlad. To-.-n 
LSGS ( " otoqw, W('III 
ft Lud .... IJ 
Alan 1I00»d 
Godcbtd I S.J~ &It 
Abn U"",vd 
AI;an HO'IIoard 
c;;od&b:d I S.J"lIC' 
L SuIlH.lft 
lnnn Lt< 
"ttl.n To""n 
Sulhun f1ow",n, Wdl 
Fludd 
ft~Clly / Stnilon 
Uumcat'IC' CII), J Sttlluon 
BL'1IRtd Cltrh Wdl! 
~ Gc'OrJr CII)' IMllkftd. Wtll ' I 
Sf GrorJt CII)' IM llkT"r'd. Wtll!, 
Tcnxot' CUpper MsddInon WHh ) 
~ Qcor;t <" 1) IM tlkttd . Wrll II 
Wtit~nJlOf' l ~hlkK'c'" Wtlll. 
SMU Cbra CIIY (Snow C.".on Wtl l 61 
'9% 
'996 
'971 
1992 
1971 
197.4 
1971 
,0.6 
,.7 
1957 
''160 
10"J 
'96J 
,.7 
,. J 
19H 
1987 
,. 3 
'9% 
'000 
Prtm.wy AltItude 01 
u_ ol landa.ur1aee 
,n_ formaotlon (, ... ) 
w 
o 
w 
w 
... 
w 
w 
w 
T 
w 
T 
... 
o 
" W 
W 
W 
W 
W 
w 
" W 
W 
W 
W 
A 
W 
T 
w 
w 
w 
w 
In 
In 
I l 
" Il 
T,m 
1m 
In 
In 
1;. 
KllOf"U( 
~)(or')Jc 
QUn 
In 
In 
In 
In 
InJ}. 
loJ' 
II 
Q. 
In n. 
Ton 
11m' 
In 
In 
In 
Il 
In 
In 
In 
In 
In 
In 
In 
J ,1'lO 
;\.n : 
1.9SO 
.) 7811 
lIW 
J.ll() 
3.71() 
J .6IO 
J .6IO 
• • 120 
.4 .7SO 
..... 120 
.. 
• • .&00 
3.7:0 
3.660 
3.670 
).600 
J.l1O 
3.610 
3 • .160 
3.S-'O 
3 :1)0 
l.1..&O 
3. '1() 
J .O:1) 
3.0-'0 
J.1-'O 
3J60 
J.JH 
J.SJO 
J.11O 
3.m 
J.6SO 
IC -W).I),!!O:('· I 
IC....w.1J.31 h:c ·1 
.C-&'()' 1;\ I.Hc1»1 
tC-&()'UlJ:!bbc· 1 
tC~13lnd»1 
IC~Il))1dJb-:! 
(C-~llt'\3(n· 1 
<C~IJ.Jk<d-1 
<C-IO-16_1 
<C-IO-16)JS""" 
<c../,(). 16.)«bd· I 
:,C-&,().I1 \:!ldn· 1 
tC...ao-1 115dbd·1 
.C-' I·I)~-I 
tC-'I · I),Sax·:! 
tC-'I · L~ISbbc · 1 
',C-U · 131$dlQ· :! 
iC-'I · Il,Sdt'C ·1 
,C-' t · 13i(wc· 1 
,C-'I · I),7ccb- 1 
' ,C-'I . I) :u-l 
IC-'I · I3,lllbb-.1 
IC-'I · I)II6bc,J-1 
,C-'I · DI)I:acd·1 
IC -' 1· 13,) Idd-I 
IC-'I · I) I) lcdd· 1 
tC-'I · I" .1Sa&:b-1 
IC-'I ·1S11'~·1 
IC-'I · I SI17cJd,J. , 
IC .... &I · I5'l! ... d-1 
IC-' I· IS,)..bjh. I 
,C-' I· U,lScd.a· 1 
I C...aI · ISI~1 
110 
Itl2 
1S6 
liS 
)80 
JUl 
J<>O 
111 
90 
100 
',0 
0' 
16) 
111 
:)0 
w 
6S 
.0) 
10 
i: 
1(;10 
CuJng Water ....... 
---------- - C" "-
aonorn Ant'" ..and .....-f1Cl 
C_ , CI..., CI ... , "" .. 
16 110-:..;0 :l160 R 0~ - 1-'-19% 1.200 L 01-4S· IQQ6 w.C 
16 
10 
6 
10 
6 
I: 
IJ 
10 
IJ 
I. 
I: 
:. 
I: 
16 
110 
161 
I~ 
II) 
JOO 
)<0 
)0 
90 
<0 
'168 
I. 
:1 
IS 
, : 
~ 
:!$O-.'70 
JQG.<1O 
1tJ(J..}SO :915 R O}· I"-IOQ() 
X fI9....&OO ~ n 01· !1· 1Q% 
x 
S-1I0 
1.0.1) 
IOQ.J!S 
O()..Q! 
150-:!&o 
I~>.o 
JO..1W 
('1·6) 
Q! ·Ott 
)0.0) 
X ) .Q 
.o.JIO 
X ) .Q 
)0 .. 1) 
>. 11..JQS 
')O-..J).J 
_'63 
~ IS-SOS 
5 112 
S .. 6S· )<1 
'OS·lOl 
. Q().900 
100 '" 
1'1:" 
5171 
.) 
no 
I 
1<0 
1OJ<O 
360 
O:·~b-I~ 
01·!j. IOQ, 
01·1i-IOO 
os.ll · IQ91 
01·16-199 
L ~)O-l%6 
L OS· I.l· 19 1 
0)·11· 1997 
I)$.I(). ..... 
01· 1 19% 
01· 11· 1"% 
02 ·20-.1Q I 
I " S~ 03-01 · 109 
S.J 6' OJ· !o-.IOQ" 
11 II 1 · 19i9 
10 10 O.' -lb-l9Q 
). L 0.I-IQ· 197: 
IO:J 02- 1q..19Q' 
SO;\ 0).·2l>--19Q7 
I 100 L OIOS-lcns 
I~-I OJ. O:! · 19·19%> 
,~ o.a O:· IQ· I9% 
'0 06.() . ' .. J 
0S-17· IQ7 
1" Q I OZ·Ib-I Q% 
:: " 01·11 - lqc)O 
.!1 02 0'2-1~10Q6 
111 72 02- ~\..1990 
ISO L 0.1-1 · 1Q!q! 
.3 l OS-Ol -lqQl 
o L O) -OI -IQ5:! 
60 L 11 · 1 19 " 
W L 11 -1 · IQ7" 
" W C) 
C 
C 
C 
C 
w 
C 
" C 
:.30 L 04-19- 197! C 
II L WC 
~,, ( L 
C 
C 
( ) 
C 
" 
:0 L 0<>0 · 106J C 
C 
I. L 01-0 · IQ, C I 
hC 
"C 
1.&0 L 0J.,.0.1..19S3 W C 
110 02·:I-IQI% C. I 
1.200 L 0I-07· 1Q!q~ Vi C 
Tobie I . FI..:ofOo c'..-xI _ on Washonglon .,., Iron C-. ~ 
locatIOn 
,C-'I · 16J'9bbJ-1 
IC I· 16t9c'b:I· I 
IC -' I· IC> tle.f'Jh1- 1 
IC-'J -16IJ6c:db-1 
,C-'I · 16, ICIr:\D>-.! 
IC -'I - IO I11~~1 
,C -'I - 16 '1J~- 1 
,C-'I - 161!'toN,·: 
.C-'I · 16,:.a.cbb-1 
·r ...J II ~ I"ad.I .: 
·C ..& I· I"',--ckh-' 
IC-'I - I' .d I 
·,C·" I-Il 
,C-'I · ll 
.... , 
IC-I I -1718dba· 1 
1(...11 · 1 IIibdb-1 
tC ...&I -1711'9w· , 
I ( .Jl· I.\J6bcd· 1 
,C..a1·D I6bac·l 
I C-'1·1'~ · 1 
/(" 1 · nJO.:~· 1 
IC 1·1l17bN. 1 
' C..Jl· D '~·: 
I C-I2- 13 1~') 
.C-'l- l), 
,C....a: · Il.7bcc·) 
IC-'! · Il f ·cch--I 
j C ..J ~ · 13 1 (1Ob-1 
4,C-': . 1)1 (c('· 1 
IC..J!- I- ,"ccc·! 
I C..J~-I) I c .... 1 
Ic ... n - I) , ISb;ad..1 
IC-I1 ·I3, 1 b-I 
,. 
Sc CtorttCI1) IS~t'M1)on""dI J I 
St GaxytCU) tS,..,. c"tr/on \lio tll "I 
St GtoryeCII) ,SfIOVoCan)on\liocl l : 1 
Sc G<OfJt C·t) .Sncrtr. C.at\)Cft "" til I.u 
St ("oC'OfJcC,t) ,St.o- CM1)OI'I \Iio tllitn 
St Cocorr,( C'I) ,Sno- C2II)0I'I \Iio tll ~ I 
" ,ncheucr H.lh ' ''cll~ ) 
"" ,ndwllkfH,lh , 'oIo dll , 
R C TflIlNtI 
St ~tC'f\ ,Gunk"-"""eIl 6 1 
St Gnw,t'c,t)o .eu ...... cl1 1 ' 
SA: <inxJtC,~ ,(j.u:n .. "'t il 5 , 
S! GcorJt CII} ,Gunk ...... OnJIIU' '" II '" 
!to Gc-otJt (If' tGunk< 'coa "'tll J , 
GcofJt' CIt) ICiu ...... t I I I 
St Gc"lfJt CII}'Gu .. On"ruJ \0\ ell 11 
~I ... l ~ 1U ~Irl "ell' 
~ InWn, RllC'n I \I, l')nt '', It(W'I 
'" IndtttJ R,lC'n ' " .J)nt " ,hon 
II~Cu)t ""elll' 
'" .ndJn, Rllt"n ' ''.aynt "Ilton 
" lnW", Ml\tn ' \\ .J)nt \\ ,11oOn 
\Iio Inchn, Rn('n " :I)nt \Ii, , JIfI 
Sc"mth O:a) Ad' cnut-l 
x,cmh Eb} AIhCTKI\I 
"" u~ftJ RI\(T\ J W.r)nt " ,I)QrI 
"" 1:-: .hnJ R,lC'n I Wa)nt "'" ,ho" 
Ro, lI Ci#lkn I ft)-dto Tech 
",y·,( ..... lton 
Coopn Wcll 
WonC ....... 
WlndattJ RllC'n J \Ii, J)nt' \Ii, lison 
IOSO 
I'" 
1 ... .0 
I'" 
I'" 
... , 
, .. ) 
I ... 
w 
" w 
w 
" 
'. 
" 
" 
" 
" 
" 
A 
" 
" 
'" w 
w 
In 
In 
In 
'. 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
T .... 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
In 
J.560 
1 ~IO 
,~ 
'130 
) 080 
'0).5 
tC-lI · 'bl'9l:~ · 1 
IC-ll-lbfkb.:l-l 
IC-U · lbll~" 
,C ··&I · lb,IOcdh-1 
lC .... ' · lbllbt.dh-! 
IC ... J,) · I b):! I:ahb-I 
IC-H · lb l:!.l;u.a. , 
IC...I I.J ~H:!'hh:l ~ 
1("-&1 ' ul!.t.cttb- I 
1(·...J 1 · 1117.",b ·~ 
IC-U · ·717ddtt-1 
IC "I ·17I8.acc· 1 
IC," I· 11.sru.J· I 
'1C ...I1 1118(i,b-l 
(C .... I-1 7 lb· :! 
',(" -a, 11 dh-I 
,C--'I ·17 b.:I· 1 
I C·" I 17,l1hdh· ' 
1("-aI · l l, • .q~:I · 1 
Ie .. :! . nl6hx.) 
IC "~ I OX.,)· 1 
,C .":! . I'~c · 1 
IC-a:!111b.:lid I 
Ic .... :!· n''7hh:lI.J 
(C-a:!1 ""btQ! 
'C·" ~ · 1\"7hN. ' 
IC -a! . J\)7h:, .! 
IC-a 2· ll,7hcc · ' 
IC-a2 · 1,,1((h. 1 
,C"",2 · 1l,7eeh·:! 
.. 'C .... 2. 1'17« .. · 1 
IC .. ~ · 1) 17('('( · :! 
IC .... ~ · ))17cdh-1 
IC·" 2 · J\,I~~ I 
'C .... 2· Il)1Kbd I 
~~ 
I .O~O 
1= 
I.I:!O 
If> 
If> 
I" 
~f> 
16 
If> 
10 
10 
\0 
I. 
If> 
~, 
'. 10 
~. 
c.sang w.tef tev .. 
Abov. (.) Of below 
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